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ABSTRACT 
Adsorption of anionic azo dye, new coccine (NC), onto large α-alumina beads in aqueous media was 
systematically investigated as  functions of pH and NaCl concentration. Adsorption amounts  of NC decrease with 
increasing pH of solutions due to less positive charges of α-Al2O3 surface at high pH. At a fixed pH, the NC 
adsorption increases with decreasing NaCl concentration, indicating that NC molecules main ly adsorb onto α-
Al2O3 by electrostatic attraction. Experimental results  of NC adsorption isotherms onto α-Al2O3 at different pH 
and ionic strength can be represented well by two-step adsorption model. The effects of NC on surface charge 
and surface modification of α-Al2O3 at the plateau adsorption are evaluated by streaming potential and Fourier 
transform infrared spectroscopy with  attenuated total reflection technique (FTIR-ATR), respectively. On the 
basis of adsorption isotherms, surface charge effect and surface modificat ion, we suggested that the formation of 
a bridged bidentate complex between aluminum ions of α-Al2O3 and two oxygen atoms of a sulfonic group.   
 
Key words: Anionic dye adsorption, α-Alumina, Surface charge effect, FTIR-ATR, Two-step 
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Introduction 
The treatment of wastewater is important in environmental engineering. Organic dyes are the pollutants 
produced from many  indus trial activit ies related to paint, textile, pulp  and paper, cos metic, etc [1]. Many dye 
wastes are colored and extremely to xic [1, 2]. Various  treatment techniques have been used for the dyes removal 
from aquatic environment [3, 4] like adsorption [5-8], photocatalytic degradation [9-11], electrochemica l 
oxidation [12, 13], coagulation/ flocculation [14], b iologica l process [15]. Among them, adsorption is one of the 
mos t common  technology for treating ionic dyes in solutions . This technique can be applicable for developing 
countries by using cheap adsorbents or modified solid  waste adsorbents [3, 4, 7, 16]. To enhance the removal 
efficiency of ionic dyes by modification of adsorbent surface, an understanding of adsorption characteristics of 
organic dye onto charged solid surfaces is needed.  
The investigations on the adsorption characterizations of ion ic dyes onto solid surfaces are of great  
importance to predict mechanism of this process. However, the adsorption properties of ionic dyes are rather 
complicated due to the complex structures  of adsorbed layers when dye molecules have a number of charged 
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groups [2]. Adsorption of charged adsorbates is more  complex when the surface charges  of solid adsorbents such 
as metal o xides are regulated by concomitant proton adsorption [17-20]. The charge adjustment of metal o xides 
upon ionic dyes adsorption has not been obtained. But adsorption characteristics of multiva lent organic dyes 
onto charged metal oxides surface are still inadequate. Wang et al. [21] investigated the effect of pH, suspended 
solid, and salt concentration on the adsorption properties of trianion of new coccine dye (NC) onto sludge 
particulates thoroughly. However, they have not investigated the change in zeta potential upon the dye 
adsorption, the surface modification after dye adsorption, and structure of adsorbed NC [21].  
Many studies focused on adsorption of ionic dyes on metal oxides by combin ing electrokinetic and 
spectroscopic measurements  with modeling [22-24]. While electrokinetic measurements  can provide the 
informat ion about charging behavior of metal oxides in  the absence and presence of ionic dyes, spectroscopic 
methods  can show the active groups on the surface of adsorbent after adsorption and evaluate the adsorption 
amount of dyes. Furthermore, the isotherms fitted by theoretical models are useful to better understand the 
adsorption mechanism and to explain the interaction between the surface of metal oxides and ionic dyes. As for 
describing adsorption characteristics of organic dyes, Langmuir and Freundlich isotherm models are often 
discussed. Nevertheless, Langmuir and Freundlich models cannot be applied for S-shape adsorption isotherms, 
for example, adsorption of cationic dye, methylene blue on silica sand [25]. Fortunately, a two-step adsorption 
model presented by Zhu et al. [26] could describe these curves . Based on the two-step model, a  general 
adsorption isotherm equation can be derived. This equation was successfully applied to numerous types of 
surfactant and polymer adsorption isotherms for various  systems [26-29]. The mult ilayer model which was 
introduced by the Brunauer-Emmett-Teller (BET) [30], was used to describe adsorption isotherms of the ionic 
dyes [21, 31-33]. However, the complex multilayer adsorption of ionic dyes fitted by the general equation has 
not been reported.      
Alumina was used as a substrate for adsorption of anionic dyes [34-36]. The adsorption of monovalent azo  
dyes on alumina is controlled by a bidentate complex [22] while adsorption of cationic dye on alumina and 
surfactant modified alumina is mainly  promoted by electrostatic interaction and probably by  hydrophobic 
interaction [1]. The adsorption properties of anionic azo dye onto alumina are more co mplicated when sorbents 
are large beads with low surface area. While the adsorption of organic ions  on negatively charged surface such as 
glass beads has attracted numerous researches, not so many studies have been conducted on positively charged 
large beads. Therefore, we focused on large alumina beads with positively charged surface to better understand 
the adsorption properties. Furthermore, the use of large oxide beads as a model system can be applied to study 
transport in porous  media [37, 38]. 
The aim of the present work is to investigate of the adsorption characteristics of anionic dye, new coccine  
(NC), onto α-Al2O3 beads with large size and predict adsorption mechanisms with adsorbed structure of NC 
molecules onto α-Al2O3. The influence of NC adsorption on the charging behavior of α-Al2O3 is determined by 
streaming potential. The surface modification of α-Al2O3 beads after NC adsorption is evaluated by FTIR-ATR. 
To our best knowledge, this is the first systematic study in NC/Al2O3 sys tem to relate electrokinetic and FTIR-
ATR measurements  with adsorption isotherms fitted by two-step model.  
Experimental 
Materials 
High purity (99.5 %), α-Al2O3 beads (Hiraceramics, Japan) with a d iameter of about 300 μm and a density of 
3.82 g/cm3, were used in this study. X-ray d iffraction (XRD) using a X-ray diffractometer (Bruker D8 Advance) 
confirmed that our material contains mainly  α-phase. The specific  surface area was determined by the Brunauer-
Emmett-Teller (BET) method using a surface area analyzer (Micromeritics, Gemin i VII 2390) and found to be 
around 0.0041m2/g. The alpha alumina was treated before measurements  as follows: The original α-Al2O3 was 
washed various times with 0.1 M NaOH before washing by ultra pure water to reach neutral pH. After that, α-
Al2O3 was dried at 110 0C and was reactivated at 550 0 C for 2 h. Finally, the treated α-Al2O3 was cooled in a 
desiccator at room temperature and stored in a polyethylene container.    
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Anionic dye, new coccine (NC, with purity higher than 85 %), from Wako Pure Chemica l Industries were 
used as adsorbate in dye adsorption. The chemica l structure and cartoon representation of NC were ind icated in 
Fig. 1. The effect of ionic strength was studied by the addition of NaCl (Wa ko). In order to adjust pH of 
solutions, HCl and NaOH (volumetric analysis grade, Wako) were used. Other chemicals were purchased from 
Wako. Ultrapure water was used in preparing solutions and in all measurements  (Millipore, Elix Advantage 5).  
Adsorption isotherms 
Adsorption isotherms were conducted by batch experiments  in 100 mL Erlen meyer flasks at 22 ±  2 0C, 
controlled by an air conditioner. To carry out adsorption experiments , 0.5 g of the treated α-Al2O3 was mixed with 
25 mL of NaCl aqueous solutions at different concentrations by a shaker for 1 h. For NC adsorption studies, the 
concentration from 10-6 M to 10-3 M was desired and pH was adjusted to original value. The equilibrium t ime in 
dye adsorption was achieved after 3 h while the change in pH of all solutions during adsorption was not 
significant. The adsorption density of NC (    ) onto α-Al2O3 was determined by the different concentrations of 
NC solutions before adsorption and after equilibrium process by colorimetric method. 
Colorimetric method 
The concentration of anionic dye NC was analyzed by colorimetric method at a wavelength of 505 n m using an 
UV-vis spectrophotometer (UV-1650PC, Shimadzu) with a quartz cuvette with a 1 cm optical path length. The 
relationship between the absorbance and concentrations of NC as standard calibration curves  in different 
electrolyte concentrations and pH with a correlation coefficient of at leas t 0.999 was confirmed. Samples were 
diluted appropriately before measuring the absorbance to quantify NC concentrations by standard calibration 
curves .  
 Potentiometric method 
Potentiometric method was used to determine pH of all solutions . The method was carried out using a Metrohm 
781 pH/Ion meter, Switzerland by a glass combination electrode (Type 6.0258.010 Metrohm). We use three 
standard buffers (Metrohm) to calibrate the electrode before measuring pH of solutions. All measurements  were 
carried out at 22 ± 2 0C.    
Streaming potential measurements 
A streaming potential technique was applied to evaluate the change in surface charge by charactering the zeta 
potential of α-Al2O3 before  and after adsorption of NC. The theory of streaming potential and ζ potential 
calculation were described in the literatures  [39, 40].  In brief, the ζ potential from streaming potential is 
calculated by using Helmholtz – Smoluchowski’s equation (HS) [39]:  
  =
    
  
×
   
   
 (1)  
where   is the zeta potential (mV),       is the different potential (mV),    the pressure difference (mbar),   the 
viscosity of the solution (mPa.s),   the conductivity of the solution (mS/cm),   the relative dielectric constant of 
the liquid and    is the electric permittivity of vacuum (8.854×10
-12 F/m). 
Zeta CAD which is an ins trument to evaluate zeta potential from the measurement of s treaming potential is 
used in the present study. The detail of experimental  procedure of streaming potential with Zeta CAD was 
described in our prev ious ly published paper [41]. Adsorption of NC onto α-Al2O3 was conducted with a solid-to-
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solution ratio of 200 g/L in  0.01M NaCl at pH 4.0. The adsorption was conducted at the concentration of 10-3 M of 
NC. The α-Al2O3 beads after adsorption with NC were separated without washing and dried in air, and then 
stored in a dark container until the measurement of streaming potential.      
FTIR-ATR spectroscopy  
To confirm surface modification of α-Al2O3 and to examine the structures  of adsorbed NC, Fourier transform 
infrared spectroscopy was taken. The infrared spectra were performed by a Perkin Elmer GX FTIR spectrometer 
us ing a deuterated glycine sulphate (DTGS) detector. An attenuated total reflection (ATR) attachment with a micro  
germanium (Ge) crys tal was used. The sample used to investigate the effect of NC adsorption was prepared as 
follows: The α-Al2O3 material (10 g) was equilibrated with the concentration of 10-3 M of NC in 50 mL solution of 
0.01M NaCl at pH 4 according to adsorption procedure in section 2.2. The α-Al2O3 sample after adsorption with 
NC was separated without rinsing and dried at about 70 0C, and then kept in a dark container. The spectrum of 
NC powder was recorded without any treatment. All recorded spectra were obtained at 25 0C and atmospheric 
pressure at a resolution of 4 cm-1.   
General isotherm equation 
Theory and modeling  
The obtained isotherms were fitted by a general isotherm equation. The equation was derived by assuming that 
two steps of the adsorption can be obtained on solid-liquid interface [26, 42]. It was originally derived to 
describe the surfactant adsorption with hemimicelle formation. 
The general isotherm equation is 
  =
       
1
 
+    
     
1 +    (1 +    
   )
 (2)  
where   is amount of NC adsorbed,    is the maximum adsorption amount,    and    are equilibrium constants 
for the first layer adsorption and clusters of n molecules or multilayer adsorption.  C denotes the equilibrium 
concentration of NC in the dye solution. 
Although the format ion of micelle-like structure is not expected because of its structure [21], in the case of 
NC adsorption, this dye might adsorb in a cooperative manner to form cluster; the cooperative structure can be 
reflected in the parameter n.  
Fitting procedure 
The selected fitting parameters are described in the following: (a)     can be determined from the data of 
adsorption isotherm at high  NC concentrations . (b) The k1 can be predicted from the data of adsorption isotherm 
at low concentrations by a limiting Langmuir equation. (c) By using reasonable guesses for k1 in step (b) and k2 
(with fixed one value of n), the calculat ion of the adsorption density       for NC by Eq. (2) was calculated from 
experimental data points  of C. (d) Procedure was repeated with 0.1 step change of n. (e) We use trial and error to 
find the minimum sum of square of residuals for every isotherm, SS          = ∑      −      
 
, where       is the 
experimental adsorption density of NC. (f) The minimum  SS           was chosen to find the appropriate values 
for parameters k1, k2 and n. 
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Results and Discussion  
Streaming potential measurements 
Zeta potential was determined by measuring streaming potential in the range from pH 4 to pH 9 to identify  
isoelectric point (IEP) of α-Al2O3 before and after adsorption of NC with Eq. (1). Figure 2 indicates the ζ potential 
of treated α-Al2O3 against pH in 0.01 M NaCl. The present IEP of α-Al2O3 without adsorption and NC (open 
triangles in Fig. 2) is around 6.7 [41].  
The zeta potential of α-Al2O3 after NC adsorption (open circles in Fig. 2) decreases in the pH from 4 to 9 
compared with the treated α-Al2O3 without NC adsorption. The values of ζ potential of α-Al2O3 decrease due to the 
presence of negative charges of sulfonic groups of azo dye. This trend of ζ potential is close to the values in 
literatures [24, 43, 44]. That is, Ramesh Kumar and Teli [43] indicated that in the presence of anionic azo dye, CI 
Direct Yellow 28, the streaming potential of cotton fibers has become more negative than that of raw one. Bourikas 
et al. [24] has revealed that the magnitude of ζ potential of TiO2 in pH 2 to 8 in 0.01 M NaNO3 reduced 
significantly in the presence of anionic dye, Acid Orange 7 (AO7), in solutions. The shift of IEP of AO7/TiO2 
suspensions was over 2 pH units . However, in our research, adsorption dye only induces a small shift of IEP (about 
1 pH unit). It suggests that the interaction of NC with the surface of α-Al2O3 is not very strong. In other word, the 
inner-sphere complex between sulfonic groups and Al2O3 surface is not formed. The α-Al2O3 becomes less 
positively charged surface after NC adsorption although NC can be partly desorbed in the equilibrium process of 
streaming potential measurements . Therefore, the adsorption of NC still makes the decrease in surface charge of α-
Al2O3.  
FTIR-ATR spectra  
The Fourier transform infrared spectroscopy (FTIR) is often applied to characterize active groups in the 
adsorption. FTIR co mbined with attenuated total reflection for in situ of surface has  become one of the powerful 
tools to explore the solid-liquid interface [45]. The ex situ FTIR-ATR spectra of α-Al2O3 beads without 
adsorption and after adsorption of NC (Al2O3-NC) have been assigned in the wavenumber range of 1000–2200 
cm-1 are shown in Fig. 3. The FTIR-ATR spectra of NC powder which has  been also recorded from 1000 to 2200 
cm-1 is given at the bottom of Fig. 3.     
In Fig.  3, the large  band at around 1612 cm-1 appeared in  the spectra of Al2O3-NC. But the magnitude of this 
band is similar to another one of Al2O3 beads, demonstrating that increased amount of adsorbed water upon NC 
adsorption is not significant. The spectra of NC powder indicated that the bands at 1423, 1491, 1570 and 1632 
cm-1 were assigned to the bond of C=C of naphthalene rings or phenyl ring vibration with stretching of the C=N 
group that corresponded to active groups of azo dye. These bands are in  good agreement with the spectra of NC 
[46]. The  small appearance and the shifts of the bands  were also seen in Fig. 3 with wavenumber of 1407, 1514, 
1550 cm-1 appeared in  the spectra of Al2O3-NC. Thus, the hydrophobic groups cannot contact the hydrophilic  
surface of alumina. It should be noted that the strong bands at 1193 and 1047 cm-1 corresponded to the vibrations 
of the O–S–(O2) group [22, 24] of NC molecu les disappeared in the spectra of Al2O3-NC. These results suggest 
the adsorption of NC molecules on Al2O3 by two oxygen atoms of sulfonic group of the azo dye [22, 24]. The 
FTIR-ATR spectra of α-Al2O3 and after adsorption of NC imply that the surface of α-Al2O3 is modified by 
adsorbed NC molecules via sulfonic groups. Therefore, we support that NC molecu les mainly adsorb on the 
surface of α-Al2O3 by electrostatic attraction.   
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Adsorption of anionic azo dye onto large α-alumina beads 
Adsorption isotherms of NC onto α-alumina discussed by two-step model 
Adsorption isotherms of NC onto large α-Al2O3 beads with positively charged surface carried out at several pH 
values and different salt concentrations are indicated in  Fig. 4. The in fluence of ionic strength is clearly observed 
at a given pH value. The NC adsorption density decreases with increasing ionic strength. This trend is close to 
the result of NC adsorption onto positively charged sludge particulates at pH < 3 [21]. The increase in  salt 
concentration increases the number of anions (counter ions) on the positively charged surface of α-Al2O3 beads, 
reducing the electrostatic effect of α-Al2O3 surface to dye molecules. In other words, the electrostatic attraction 
between the negative charge of sulfonic groups of NC dye and positive charge of α-Al2O3 surface is screened by 
increasing salt concentrations. The non-electrostatic interactions  such as hydrophobic, proton binding and Van  
der Waals are probably important in adsorption of organic anions the surface α-Al2O3. However, adsorption of 
NC onto α-Al2O3 is mainly controlled by the electrostatic attraction so that adsorption decreases with increasing 
NaCl concentration. As seen from the isotherms in  Fig. 4, at d ifferent pH and salt concentrations, the 
experimental results  were fitted well by general isotherm equation Eq. (2) with the fit parameters in Table 1.     
As shown in Table 1, increasing ionic strength induces  a decrease in k1,NC except for 0.1 M NaCl while a 
change in k2,NC is not significant (k2,NC ≈ 8.0× 103 m2/mmol). The monolayer adsorption in the case of NC 
adsorption is influenced by ionic strength but the mult ilayer adsorption is not affected by ionic strength. It is hard 
to evaluate the number in multilayer adsorption for NC dye while the adsorbed structure at alumina/solution 
interface is based on the first layer. Thus, the number in multilayer adsorption was not determined in this study.  
Wang et al. [21] indicated that adsorption of NC onto sludge particulates at different pH and ionic strength 
probably followed mult ilayer isotherm. In the paper [21], although the values of k1,NC and k2,NC are different from 
our results  (k1,NC is higher than k2,NC), the influence of ionic strength on isotherms seems to be similar to ours. 
Adsorption of NC onto sludge particles with high surface area  reaches equilibrium in very fast time (about 30 
minutes). On the other hand, NC adsorption onto large α-Al2O3 beads with s mall surface area takes long 
equilibrium time  (after 180 minutes: not shown in detail). It  implies that the specific  surface area could  promote 
equilibrium process of NC adsorption onto solid surface.  
Figure 4 and Table 1 also show that adsorption density of dye strongly depends on pH and the equilibrium 
concentration of dye in solutions at a given ionic strength. Adsorption amount of NC onto α-Al2O3 beads increases 
with decreasing pH. The PZC of α-Al2O3 is about 6.7 and the decrease of pH induces an increase in the positive 
charge on surface of α-Al2O3. Since the NC dye has negative charge, the attractive force between anionic dye and 
positively charged surface α-Al2O3 is enhanced with a decrease in pH. These trends are similar to adsorption of 
anionic dyes on positively charged metal oxides surface. Adsorption density of azo dyes with sulfonic group on 
metal oxide surfaces is reported [22, 24] in which adsorption density increases with decreasing pH and becomes not 
significant for pH > PZC. Furthermore, the change of pH upon NC adsorption is negligible or proton adsorption 
is not significant, meaning that the surface charge of α-Al2O3 is only affected by adsorbed amount of NC. Thus, 
the IEP of α-Al2O3 shifts to the lower pH after NC adsorption (the streaming potential measurements).     
The results of adsorption isotherms of anionic azo dye onto α-Al2O3 indicated above agree well with our 
electrokinetic and spectroscopic data are close to the results of previous researches [22, 24]. Nevertheless, the 
influence of ionic strength on adsorption of azo dyes on the metal oxides by experiment and modeling was not 
examined in published papers [22, 24]. On the one hand, the influences of pH and salt concentration to the 
adsorption of trivalent sulfonic dye, NC onto  α-Al2O3 in our study are close to the results of Wang et al. [21] who 
investigated adsorption of NC onto sludge particulates. However, in the paper [21], the electro kinetic and 
spectroscopic data and structure of adsorbed NC have not been reported. In the present study, we succeeded in 
relating the electrokinetic and spectroscopic informat ion with adsorption isotherms by two-step model to propose 
the structure of adsorbed NC onto α-Al2O3.  
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Structure of adsorbed NC onto α-Al2O3 
The two-step model was established to describe the NC adsorption onto α-Al2O3, suggesting that dye adsorption 
could occur with cooperative manner. Adsorption of NC decreases with increasing pH due to a decrease of positive 
surface charge. During NC adsorption, the pH of all solutions does not change significantly, indicating that 
proton co-adsorption is neglig ible. Therefore, the net surface charge  of NC-covered α-Al2O3 at  fixed pH is 
dependent on the adsorption amount of NC. A small decrease of surface charge or small reduction of zeta potential 
was obtained by streaming potential, in  accordant with low adsorption amount of NC, compared with adsorption of 
sodium dodecyl sulfate, SDS (anionic surfactant) [20]. We confirmed that adsorption of NC on the surface of α-
Al2O3 occurs via only one sulfonic group of azo dye. It was supported by the results of FTIR-ATR spectra and 
adsorption isotherms. These results suggest that the adsorption of NC onto α-Al2O3 is mainly controlled by the 
electrostatic attraction between positive charges of α-Al2O3 surface and negative charges of sulfonic groups. In this 
case, a bridged bidentate complex can be formed [22] irrespective of salt concentrations. However, the formation of 
a bidentate inner sphere surface complex is not supported as the cases of adsorption of anionic dye, AO7 on the 
TiO2 [24] or adsorption of azo dye, Orange G on α-Fe2O3 [22] because NC is eas ily desorbed in equilibrium and 
measuring processes of streaming potential. In streaming potential measurement, desorption of NC can be 
recognized from color change of α-Al2O3 beads packed in a glass column. Also, the NC desorption took place 
quickly at high salt concentration and high pH by batch experiment (not shown in detail). The proton co-adsorption 
upon the adsorption of organic ions is important to predict the mechanism and adsorbed structures. In our 
previously published papers, the concomitant proton adsorption is significant in the case of surfactant adsorption 
[20] while the proton co-adsorption upon polyelectrolye adsorption can be also determined [29]. Nevertheless, 
the adsorption amount of proton during adsorption of NC on α-Al2O3 is not significant after ad justing pH to 
original value. It is implied that the released proton amount does not induce to the mechanism of adsorption 
amount of NC.  
The adsorption of NC was probably influenced by the positions of sulfonic group. In this research, we suggest 
that only one sulfonic group on the naphthalene ring without hydroxyl group of NC attaches to alumina in the 
adsorption while two sulfonic groups on another naphthalene ring do not contribute for adsorption. Figure 5 
shows a cartoon representation of the adsorbed structure of NC onto α-Al2O3. In Fig. 5, a NC molecule adsorbed 
onto α-Al2O3 by one sulfonic group of anionic dye, creating a bridged bidentate complex between two aluminum 
ions and the surface oxygens. It is close to the description in reported paper of Bourikas et al. [24], who 
suggested the similar structure of the adsorbed AO7. The lower adsorption amount of NC onto α-Al2O3 can  also 
be explained by the metal – metal distance and a crystalline face  of metal oxide rather than specific  surface area 
although the surface area seems to be an important factor to control adsorption. In the paper [22], the same 
reason was found to demonstrate a higher adsorption of anionic azo  dye Orange II on α-Fe2O3 than TiO2 and 
Al2O3 oxides. 
Comparison of differences between anionic dye adsorption and anionic surfactant adsorption 
In this part, we compare the differences in adsorption characteristics between anionic azo dye, NC and anionic 
surfactant, SDS in order to better understand the adsorption in natural aqueous media.  
Although adsorption experiments  of both SDS and NC were carried out in similar conditions (init ial p H and 
salt concentrations), the adsorption isotherms were d ifferent in some points  as follows. At a given pH, the NC 
adsorption increases with decreasing NaCl concentration. Nevertheless, the adsorption isotherms SDS onto α-
Al2O3 at three salt concentrations show a co mmon intersection point (CIP). The CIP results  from charge  
adjus tment as well as the presence of hydrophobic interactions [20]. Above the CIP, the salt effect is reversed 
and the adsorption density of SDS decreases at lower ionic strength.      
The experimental results  of both SDS and NC adsorption isotherms onto α-Al2O3 were reasonably 
represented by two-step adsorption model. According to the results  of our previous work [20], we show again the 
 
 
8 
 
fit  parameters and experimental data for SDS adsorption in Tab le 2. As can be seen, Tables 1 and 2 indicate that 
the maximum adsorption density of NC ( ∞ ,  ) is much lower than one of SDS ( ∞ ,    ) at the same conditions 
although molecular weight of NC is about 2 times higher than molecular weight of SDS. For SDS adsorption, the 
mice lles are formed  with aggregation nu mbers of hemimicelle (nSDS≈ 10) that are about 5 t imes higher than nNC 
(nNC ≈ 2) for NC adsorption. It can also be observed that the values of k1,NC and k1,SDS are not very different while 
the values of k2,SDS are greatly higher than k2,NC (1019 to 1020 times). These results  reveal that micellization of NC 
cannot occur on the surface of α-Al2O3 as well as on sludge particulates [21].  
Another feature is that the adsorption of anionic surfactants onto metal oxides can induce the proton co-
adsorption [17, 20, 47] while the adsorption of anionic dye does not affect proton adsorption. Therefore, the SDS 
adsorption shifts the isoelectric  point (IEP) to higher pH. On the one hand, the NC adsorption decreases the IEP 
to lower pH (streaming potential measurements  section). Furthermore, the FTIR-ATR spectra of α-Al2O3 beads 
without adsorption and after adsorption of NC (see FTIR-ATR spectra section) compared with the spectra of α-
Al2O3 after adsorption of SDS suggested that NC mainly adsorbed on the surface of α-Al2O3 by electrostatic 
attraction while the adsorption of SDS molecules were driven by both electrostatic and hydrophobic interactions.    
Conclusions 
We have analyzed adsorption properties of anionic azo dye, NC onto α-alumina with large size. Streaming 
potential indicated that the IEP of α-Al2O3 shifts to the lower pH afte r adsorption of NC because of the 
adsorption of negatively charged sulfonic group of the dye. FTIR-ATR confirmed the presence and absence of 
different active groups of NC on the surface of α-Al2O3. The two-step model was successfully applied to 
represent the experimental results  of adsorption isotherms of NC onto α-Al2O3. Adsorption density of NC 
increased with decreasing pH due to an increase in initial positive surface charge of α-Al2O3. At a given pH 
value, the adsorption amounts of NC decreased with increasing salt concentration, confirming that the NC 
adsorption onto α-Al2O3 is mainly induced by electrostatic attraction. The results of adsorption isotherms, the 
zeta potential change and the surface mod ifications  suggested that adsorption of NC is affected by the format ion 
between only one sulfonic group on the naphthalene ring and the surface of α-Al2O3. We suggest that a bridged 
bidentate complex of two oxygen ions of sulfonic group and aluminum ions induced the adsorption of NC onto α-
Al2O3. 
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Figure captions 
 
1. The chemical structure and cartoon representation of anionic dye new coccine, NC. 
2. The ζ potential o f α-Al2O3 without adsorption (open triangles) and after NC adsorption (open circles) as a 
function of pH in 0.01 M NaCl. 
3. FTIR-ATR spectra for α-Al2O3 without adsorption (Al2O3) and after NC adsorption (Al2O3-NC) and NC 
powder (NC) in the wavenumber range of 1000–2200 cm-1 
4. Adsorption isotherms of NC onto α-Al2O3 at pH 4 (a), pH 5 (b), and pH 6 (c) and three salt concentrations. 
The points are experimental data while the solid lines are the results  of two-step adsorption model. 
5. Cartoon representation of structure of the adsorbed NC onto α-Al2O3. Two oxygen atoms of the sulfonic 
group on naphthalene ring favor the adsorption of NC dye. 
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Figures 
 
 
 
 
Fig. 1 The chemical structure (a) and cartoon representation (b) of anionic dye new coccine, NC 
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Fig. 2 The ζ potential of α-Al2O3 without adsorption (open triangles) and after NC adsorption (open circles) as a 
function of pH in 0.01 M NaCl 
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Fig. 3 FTIR-ATR spectra for α-Al2O3 without adsorption (Al2O3) and after NC adsorption (Al2O3-NC) and NC 
powder (NC) in the wavenumber range of 1000–2200 cm-1 
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Fig. 4 Adsorption isotherms of NC onto α-Al2O3 at pH 4 (a), pH 5 (b), and pH 6 (c) and three salt 
concentrations. The points are experimental data while the solid lines  are the results  of two-step adsorption 
model 
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Fig. 5 Cartoon representation of structure of the adsorbed NC onto α-Al2O3. Two oxygen atoms of the sulfonic 
group on naphthalene ring favor the adsorption of NC dye by the bridged bidentate complex 
 
 
 
 
 
 
 
 
 
 
α-Al2O3 
NC dye 
Bridged bidentate 
compex 
Different salt concentrations 
 
 
15 
 
Tables 
Table 1 The fit parameters for NC adsorption, which are maximum adsorbed amount   ,   , the 
equilibrium constants k1,NC and k2,NC for first layer adsorption and multilayer adsorption, respectively, 
nNC the number of cluster of NC molecules 
 
C salt 
(M NaCl) 
 
pH 
 
 ∞,   
(mmol/m2) 
k1,NC 
(m2/mmol) 
k2,NC 
(m2/mmol)n-1 
nNC 
0.001 4 0.42 2.0×103 8.0×103 2 
0.001 5 0.35 1.9×103 8.0×103 2 
0.001 6 0.30 1.6×103 8.0×103 2 
0.01 4 0.35 1.2×103 1.0×104 2 
0.01 5 0.27 1.0×103 8.0×103 2 
0.01 6 0.20 0.6×103 8.0×103 1.9 
0.1 4 0.27 1.2×103 8.0×103 2 
0.1 5 0.16 1.0 ×103 8.0×103 2 
0.1 6 0.13 0.6×103 8.0×103 1.9 
 
 
 
Table 2 The fit parameters for SDS adsorption, which are maximum adsorbed amount  ∞,    , the 
equilibrium constants k1,SDS and k2,SDS for first step and second step, respectively, nSDS the aggregation 
number of hemimicelle [20]. 
 
C salt 
(M NaCl) 
 
pH 
 
 ∞,    
(mmol/m2) 
k1,SDS 
 (m2/mmol) 
k2,SDS 
 (m2/mmol)n-1 
nSDS 
0.001 4 1.20 6×103 1×1024 9.8 
0.001 5 0.95 6×103 6×1023 9.8 
0.001 6 0.52 6 ×103 5×1023 9.8 
0.01 4 1.55 4×103 8×1023 9.8 
0.01 5 1.10 4×103 7×1023 9.8 
0.01 6 0.65 4×103 6×1023 9.9 
0.1 4 1.67 1×103 6×1022 10.1 
0.1 5 1.40 1×103 5×1022 10.1 
0.1 6 0.77 1×103 4×1022 10.1 
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